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(57) ABSTRACT 
An autostereoscopic display system is provided. The autoste 
reoscopic display system includes: an image panel being 
divided into two or more display regions, each of which 
alternately displays an image for a left eye and an image for a 
right eye; an optical shutter which is spaced apart from the 
image panel, including three or more shutter segments 
capable of being Switched between a transparent state and a 
non-transparent state, and guiding an image for a left eye and 
an image for a right eye which are displayed on the image 
panel to left and right eyes of a viewer, respectively; and a 
control unit which controls the optical shutter being synchro 
nized with the image for a left eye and the image for a right eye 
which are displayed on the image panel. 

17 Claims, 19 Drawing Sheets 
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FIG. 11 
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AUTOSTEREOSCOPC DISPLAY SYSTEM 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATIONS 

This application claims priority from Korean Patent Appli 
cation No. 10-2008-0013098, filed on Feb. 13, 2008, in the 
Korean Intellectual Property Office, the disclosure of which is 
incorporated herein in its entirety by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
Systems consistent with the present invention relate to an 

autostereoscopic display system, and more particularly, to an 
autostereoscopic display system having a simple optical 
structure in which an image for a left eye is guided to a left eye 
of a viewer and an image for a right eye is guided to a right eye 
of the viewer. 

2. Description of the Related Art 
Examples of a three-dimensional image display method 

using an image panel. Such as a cathode ray tube (CRT), a 
plasma display panel (PDP), or a projection display, include a 
Stereoscopic image display method. To see a stereoscopic 
image by using the stereoscopic image display method, a 
parallax barrier should be disposed in proximity of an image 
panel, or a viewer should wear shutter glasses. 

FIG. 1 is a schematic view of a conventional parallax 
barrier-type stereoscopic image device. Referring to FIG. 1, 
the conventional parallax barrier-type stereoscopic image 
device includes an image panel 10 and a parallax barrier 20 
disposed in front of the image panel 10. An image for a left 
eye and an image for a right eye are alternately alternatively 
arranged in vertical pixels of the image panel 10. For 
example, odd-number vertical pixels display the image for a 
left eye, and even-number vertical pixels display the image 
for a right eye. In the parallax barrier 20, light transmission 
regions 20a and light shield regions 20b, each of which has a 
Vertical stripe shape, are alternately aligned. The alternately 
aligned light transmission regions 20a and light shield 
regions 20b correspond to the vertical pixels of the image 
panel 10, respectively. In such a structure, the images for left 
and right eyes of the image panel 10 have a predetermined 
orientation when viewed through the parallax barrier 20, and 
thus the image for a left eye is guided to the viewer's left eye 
and the image for a right eye is guided to the viewer's right 
eye. That is, half of the entire pixels of the image panel 10 are 
used to display the image for a left eye and the other half is 
used to display the image for a right eye. Therefore, the 
resolution of the stereoscopic image is half the resolution of a 
2-dimensional image of the image panel 10. In order to use the 
resolution of a 2-dimensional image of the image panel 10 
itself as the resolution of the Stereoscopic image, the conven 
tional parallax barrier-type Stereoscopic image device needs 
an active-type light shutter, which alternately changes the 
light transmission regions 20a and light shield regions 20b of 
the parallax barrier 20, as the parallax barrier 20. 

FIG. 2 is a schematic view of a conventional glasses-type 
Stereoscopic image display system. Referring to FIG. 2, the 
conventional glasses-type stereoscopic image display system 
includes an image panel 50 which alternately displays an 
image for a left eye and an image for a right eye, and shutter 
glasses 60 which are synchronized with the alternative image 
display and selectively shields a left eye or a right eye. The 
shutter glasses 60 include a liquid crystal 61 and transparent 
electrodes 62, 63, and 64, wherein the transparent electrode 
62 is disposed on one surface of the liquid crystal 61 and the 
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2 
transparent electrodes 63 and 64 are disposed on the other 
surface of the liquid crystal 61. The shutter glasses 60 shield 
or transmit light based on the principle that a polarization of 
the light which is transmitted through the liquid crystal varies 
when a Voltage is applied or not. In this regard, the shutter 
glasses 60 are synchronized with a vertical synchronizing 
signal of the image panel 50, and a viewer alternately watches 
the image for a left eye and the image for a right eye which are 
alternately displayed on the image panel 50. 

However, in the conventional parallax barrier-type stereo 
scopic image device, the size of the parallax barrier 20 should 
be almost similar to that of the image panel 10. Therefore, to 
obtain a large-screen Stereoscopic image, the size of the par 
allax barrier 20 should be increased and thus the manufactur 
ing costs are increased. Also, the alternately aligned light 
transmission and shield regions of the parallax barrier 20 
should precisely correspond to pixels of the image panel 10, 
respectively. In addition, the image panel 10 should be a flat 
panel and location of pixels should be precisely defined 
therein. 

In the conventional glasses-type stereoscopic image dis 
play system, a user, that is, a viewer should wear glasses. Such 
as shutter glasses. 

SUMMARY OF THE INVENTION 

Systems consistent with the present invention provide an 
autostereoscopic display system including a simple optical 
shutter without having to use glasses. 

According to an aspect of the present invention, there is 
provided an autostereoscopic display system including: an 
image panel including at least two display regions, each of 
which alternately displays an image for a left eye and an 
image for a right eye; an optical shutter which is spaced apart 
from the image panel, including at least three shutter seg 
ments capable of being Switched between a transparent state 
and a non-transparent state, and guides an image for a left eye 
and an image for a right eye which are displayed on the image 
panel to left and right eyes of a viewer, respectively; and a 
control unit which controls the optical shutter being synchro 
nized with the image for a left eye and the image for a right eye 
which are displayed on the image panel. 
The image panel may be divided into the display regions in 

a vertical direction and the shutter segments are aligned in a 
horizontal direction. 
When the number of the shutter segments of the optical 

shutter is N, the number of the divided display regions may be 
N-1. 
A horizontallength of the optical shutter may be equal to or 

Smaller than a horizontal length of an image displayed on the 
image panel. 
A shutter segment disposed in an outer portion of the 

optical shutter may be equal to or greater than the shutter 
segment disposed in the inner portion of the optical shutter. 
The image panel may be selected from the group including 

a liquid crystal display (LCD) panel, an organic light-emit 
ting diode (OLED) panel, a plasma display panel (PDP), a 
projection screen, a field emission display (FED) panel, and a 
cathode ray tube (CRT) display. 
When the image panel displays an image line by line, each 

of the shutter segments includes a plurality of horizontal sub 
segments aligned in a scanning direction of an image line, in 
which the horizontal Sub Segments are Switched correspond 
ing to the scanning of image lines displayed on the image 
panel. 
The number of horizontal sub segments included in each of 

the shutter segments may be equal to or Smaller than the 
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number of the image lines of the image panel. For example, 
each of the shutter segments may have a few to tens of hori 
Zontal Sub segments. 

Each of the shutter segments includes a plurality of vertical 
Sub segments which are aligned in a horizontal direction and 
are independently Switched. 
The autostereoscopic display system may further include a 

viewer's location tracking sensor, wherein the control unit 
re-groups the vertical Sub Segments according to the location 
of the viewer detected by the viewer's location tracking sen 
sor and boundaries of the shutter segments are shifted. 
The size of the image panel may be smaller than the size of 

the entire region of at least two display regions on which an 
image is displayed. 
The autostereoscopic display system may further include a 

viewer's location tracking sensor, wherein the control unit 
changes the location of at least two display regions according 
to the location of the viewer detected by the viewer's location 
tracking sensor and boundaries of the shutter segments are 
shifted. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other features and advantages of the present 
invention will become more apparent by describing in detail 
exemplary embodiments thereof with reference to the 
attached drawings in which: 

FIG. 1 is a schematic view of a conventional parallax 
barrier-type stereoscopic image display system; 

FIG. 2 is a schematic view of a conventional glasses-type 
Stereoscopic image display system; 

FIG. 3 is a schematic view of an autostereoscopic image 
display system according to an exemplary embodiment of the 
present invention; 

FIG. 4A is a perspective view of an optical shutter used in 
the autostereoscopic image display system of FIG. 3, accord 
ing to an exemplary embodiment of the present invention; 

FIG. 4B is a perspective view of an optical shutter used in 
the autostereoscopic image display system of FIG. 3, accord 
ing to another exemplary embodiment of the present inven 
tion; 

FIG. 5 illustrates the location relationship between optical 
elements of the autostereoscopic image display system of 
FIG.3: 
FIGS.6A and 6B illustrate a stereoscopic image used in the 

autostereoscopic image display system of FIG. 3; 
FIGS. 7A and 7B illustrate sequential views of the stereo 

scopic image used in the autostereoscopic image display sys 
tem of FIG. 3; 

FIG. 8 is a schematic view of an autostereoscopic image 
display system according to another exemplary embodiment 
of the present invention; 

FIG.9 is a perspective view of an optical shutter used in the 
autostereoscopic image display system of FIG. 8, according 
to an exemplary embodiment of the present invention; 

FIGS. 10A to 10C illustrate sequential views of a stereo 
scopic image displayed in the autostereoscopic image display 
system of FIG. 8: 

FIG. 11 is a schematic view of an autostereoscopic image 
display system according to another exemplary embodiment 
of the present invention; 

FIG. 12 is a perspective view of an optical shutter used in 
the autostereoscopic image display system of FIG. 11, 
according to an exemplary embodiment of the present inven 
tion; 
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4 
FIG. 13 illustrates the location relationship between opti 

cal elements of the autostereoscopic image display system of 
FIG. 11; 

FIG. 14 is a schematic view of an autostereoscopic image 
display system according to another exemplary embodiment 
of the present invention; 

FIG. 15 illustrates the location relationship between opti 
cal elements of the autostereoscopic image display system of 
FIG. 14; 

FIG. 16 is a schematic view of an autostereoscopic image 
display system according to another exemplary embodiment 
of the present invention; 

FIG. 17 illustrates the location relationship between opti 
cal elements of the autostereoscopic image display system of 
FIG. 16; 

FIGS. 18A and 18B illustrate a stereoscopic image used in 
the autostereoscopic image display system of FIG.16; and 

FIGS. 19A and 19B are sequential views of the stereo 
scopic image used in the autostereoscopic image display sys 
tem of FIG. 16. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS OF THE INVENTION 

The present invention will now be described more fully 
with reference to the accompanying drawings, in which 
exemplary embodiments of the invention are shown. The 
invention may, however, be embodied in many different 
forms and should not be construed as being limited to the 
exemplary embodiments set forth herein; rather, these exem 
plary embodiments are provided so that this disclosure will be 
thorough and complete, and will fully convey the concept of 
the invention to those of ordinary skill in the art. In the 
drawings, the thicknesses of layers and regions are exagger 
ated for clarity. Like reference numerals in the drawings 
denote like elements. 

FIG. 3 is a schematic view of an autostereoscopic image 
display system 100 according to an exemplary embodiment 
of the present invention. 

Referring to FIG. 3, the autostereoscopic image display 
system 100 according to the current exemplary embodiment 
includes an image panel 110, an optical shutter 120, and a 
control unit 190. 
The image panel 110 displays an image for a left eye and an 

image for a right eye which form a stereoscopic image, and 
the image panel 110 can be a conventional display panel. Such 
as a liquid crystal display (LCD) panel, an organic light 
emitting diode (OLED) panel, a plasma display panel (PDP) 
panel, a projection screen, a field emission display (FED) 
panel, or a cathode ray tube (CRT) display. In the current 
exemplary embodiment, the type of the image panel 110 can 
be selected without any consideration of a scanning method, 
Such as a spot Scanning method, a line Scanning method, or a 
Surface Scanning method. In the current exemplary embodi 
ment, a display surface 111 of the image panel 110 may be, 
but is not limited to, a flat surface. For example, the display 
surface 111 can be a curved surface, such as in a CRT display. 
In addition, although the illustrated image panel 110 is rect 
angular, the shape of the image panel 110 is not limited 
thereto. For example, the image panel 110 can have various 
shapes Suitable for an arcade game player and for driving and 
flight simulation devices. 
The display surfaces 111 of the image panel 110 is divided 

into first and second display regions 112 and 113 in a vertical 
direction, and the image for a left eye and the image for a right 
eye are alternately displayed in each of the first and second 
display regions 112 and 113. Since the first and second dis 
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play regions 112 and 113 respectively correspond to a view 
range of the right eye and a view range of the left eye and are 
divided in left and right directions, the boundary between the 
first and second display regions 112 and 113 is vertical. A 
specific display type of the image panel 110 will be described 
in detail later with reference to FIGS. 6A to 7B. 
The optical shutter 120 guides the image for a left eye 

displayed in the image panel 110 and the image for a right eye 
displayed in the image panel 110 to the viewer's left eye and 
the viewer’s right eye, respectively, and is disposed between 
the image panel 110 and the viewer, in which the optical 
shutter 120 is spaced apart from the image panel 110. In the 
optical shutter 120, first to third shutter segments 121, 122, 
and 123, which are switched between a transparent state and 
a non-transparent state, are aligned in a horizontal direction. 
The minimum size of the optical shutter 120 may be deter 
mined according to the location relationship between the 
image panel 110 and the optical shutter 120, which can be 
understood with reference to FIG. 3. The horizontal width A 
or height H of the optical shutter 120 may be greater than an 
allowable minimum size, according to the viewer's move 
ment. In this regard, the horizontal width A or height H of the 
optical shutter 120 may be equal to or smaller than the width 
and height of the image panel 110. The horizontal width A of 
the first to third shutter segments 121, 122, and 123 will be 
described in detail later with reference to FIG. 5. FIG. 3 
illustrates an exemplary embodiment of an image displayed 
on the image panel 110 and the state of the optical shutter 120. 
The control unit 190 is synchronized with the images for 

left and right eyes displayed on the image panel 110 and 
controls the optical shutter 120, which will be described in 
detail later together with the display of the image panel 110 
with reference to FIGS. 6A to 7B. 

FIG. 4A is a perspective view of an optical shutter 120 used 
in the autostereoscopic image display system of FIG. 3, 
according to an exemplary embodiment of the present inven 
tion. Referring to FIGS. 3 and 4A, the optical shutter 120 
according to the current exemplary embodiment may include 
first and second polarizing plates 131 and 138 and a liquid 
crystal switch 133 interposed between the first polarizing 
plate 131 and the second polarizing plate 138, wherein a 
polarization direction 131a of the first polarizing plate 131 
may be perpendicular to a polarization direction 138b of the 
second polarizing plate 138. The liquid crystal switch 133 
may include first to third liquid crystal cells 134, 135, and 136 
corresponding to the first to third shutter segments 121, 122, 
and 123 of the optical shutter 120. Each of the liquid crystal 
cells 134, 135, and 136 has a stripe shape in a vertical direc 
tion, and can be turned on/off independently. The liquid crys 
tal switch 133 may include transparent electrodes corre 
sponding to the shape of the liquid crystal cells 134, 135, and 
136 and a liquid crystal disposed between the transparent 
electrodes. For example, when the liquid crystal cells 134, 
135, and 136 are turned on, the polarization direction of 
transmitted light is changed to a direction perpendicular to the 
original polarization direction; and when the liquid crystal 
cells 134, 135, and 136 are turned off, the transmitted light 
maintains its original polarization direction. As described 
above, when the liquid crystal cells 134, 135, and 136 are 
turned on/off, light which has been transmitted through the 
first polarizing plate 131 may either pass through the second 
polarizing plate 138 or may be shielded by the second polar 
izing plate 138. 

FIG. 4B is a perspective view of the optical shutter 120 
used in the autostereoscopic image display System of FIG. 3, 
according to another exemplary embodiment of the present 
invention. Referring to FIGS. 3 and 4B, the optical shutter 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
120 may include first and second polarizing plates 141 and 
145 and a liquid crystal switch 143 interposed between the 
first polarizing plate 141 and the second polarizing plate 145. 
The liquid crystal switch 143 may include transparent elec 
trodes and a liquid crystal interposed between the transparent 
electrodes. When the liquid crystal switch 143 is turned 
on/off, the polarization direction of transmitted light can be 
changed or maintained. The second polarizing plate 145 may 
include first to third polarizing segments 146, 147, and 148 
corresponding to the first to third shutter segments 121, 122, 
and 123 of the optical shutter 120. In this regard, the first to 
third shutter segments 121, 122, and 123 have different polar 
ization directions 145a, 145b, and 145c. For example, polar 
ization directions 145a and 145c of the first and third polar 
izing segment 146 and 148 may be the same as the 
polarization direction of transmitted light when the liquid 
crystal Switch 144 is turned on, and a polarization direction 
145b of the second polarizing segment 147 may be the same 
as the polarization direction of transmitted light when the 
liquid crystal switch 144 is turned off. That is, the polarization 
directions 145a and 145c of the first and third polarizing 
segments 146 and 148 may be perpendicular to the polariza 
tion direction 145b of the second polarizing segment 147. In 
this regard, light which has passed through the first polarizing 
plate 141 and the liquid crystal switch 143 may pass either 
through the first and third polarizing segments 146 and 148 or 
through the second polarizing segment 147 when the liquid 
crystal switch 143 is turned on/off. 

FIG. 5 illustrates the location relationship between optical 
elements of the autostereoscopic image display system 100 of 
FIG. 3. The location of the optical shutter 120 will now be 
described in detail with reference to FIG. 5. 

In the current exemplary embodiment, the optical shutter 
120 is divided into three shutter segments 121, 122, and 123, 
the location relationship between the display surface 111 of 
an image panel and the optical shutter 120 may be given by: 

Equation 1 

where L1 denotes a distance between the display surface 111 
of the image panel and the optical shutter 120, L2 denotes a 
distance between the optical shutter 120 and a viewer, B is a 
distance between left and right eyes of the viewer, and W is a 
horizontal length of the display surface 111 of the image 
panel. Here, the display Surface 111 of the image panel 
denotes a region on which an image is actually displayed. In 
FIG. 5, P denotes a line extending through a viewer's left eye 
(O) and a viewer's right eye (O); L denotes a distance 
between the display surface 111 of the image panel and the 
line P. that is, a distance between the image panel and the 
viewer; N denotes a segment of a normal line of the center of 
the display surface 111. Equation 1 is satisfied when the 
viewer is spaced apart from the display surface 111 of the 
image panel by a distance of L. 
As identified through Equation 1, when the display Surface 

111 of the image panel is divided into two display regions 112 
and 113 and the optical shutter 120 is divided into three 
shutter segments 121, 122, and 123, the ratio of L1 to L2 is 
determined by the horizontal length W of the display surface 
111 on which an image is displayed and the distance B 
between the viewer's left and right eyes. Also, when the 
distance L1 between the display surface 111 of the image 
panel and the optical shutter 120 is determined, the location of 
the viewer, that is, the distance L2 between the optical shutter 
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120 and the viewer is determined. For example, when a 
viewer uses an arcade game player, driving and flight simu 
lation devices, or a remote manipulation device, the location 
of the viewer can be determined in advance according to a 
conventional location of the viewer's chair. Therefore, the 
location of the image panel, the optical shutter 120, and the 
viewer may be appropriately adjusted by using Equation 1. 
For example, in driving and flight simulation devices, the 
optical shutter 120 can be attached to a window of a cockpit. 
In this regard, the location of the image panel may be appro 
priately adjusted according to the location of a viewer's seat. 
When the image panel and the optical shutter 120 are manu 
factured in a single system and their locations are determined 
in advance, an optimal location of the viewer watching a 
Stereoscopic image may be determined by using Equation 1. 
Furthermore, if the location of the image panel 110 or the 
optical shutter 120 can be automatically or manually 
adjusted, the optimal location of the image panel 110 or 
optical shutter 120 can be determined by tracking a viewers 
location by using a viewer's location tracking sensor. For 
example, when the horizontal length W of the display surface 
111 is 103 cm, the distance B between the viewer's left and 
right eyes is 6.5 cm, and the distance L1 between the display 
surface 111 of the image panel and the optical shutter 120 is 
300 cm, the distance L2 between the optical shutter 120 and 
the viewer is determined to be 37.9 cm. 

Meanwhile, a horizontal width A2 of the second shutter 
segment 122 disposed in a central portion of the optical shut 
ter 120 may be given by: 

B Equation 2 

Equation 2 can also be satisfied when the viewer is spaced 
apart from the center of the display surface 111 of the image 
panel by a predetermined distance. For example, when the 
horizontal length W of the display surface 111 is 103 cm and 
the distance B between the viewer's left and right eyes B is 6.5 
cm, the horizontal width A2 of the second shutter segment 
122 can be determined to be 5.77 cm. 

Asidentified through Equation 2, when the display Surface 
111 of the image panel is divided into two display regions 112 
and 113 and the optical shutter 120 is divided into three 
shutter segments 121, 122, and 123, the horizontal width A2 
of the second shutter segment 122 can be determined by the 
horizontal length W of the display surface 111 on which an 
image is displayed and the distance between the viewer's left 
and right eyes B. Meanwhile, horizontal widths A1 and A3 of 
the first and third shutter segments 121 and 123 may be the 
equal to or greater than the horizontal width A2. That is, the 
horizontal widths of A1 and A3 of the first and third shutter 
segments 121 and 123 disposed in outer portions of the sec 
ond shutter segment 122 may be greater than necessarily 
required so that even when the viewer moves a little bit in a 
left or right direction, the image is not cut off. 

FIGS. 6A and 6B illustrate a stereoscopic image displayed 
in the autostereoscopic image display system according to the 
current exemplary embodiment of the present invention, and 
FIGS. 7A and 7B are sequential views of the stereoscopic 
image displayed in the autostereoscopic image display sys 
tem according to the current exemplary embodiment of the 
present invention. 

Referring to FIGS. 6A and 6B, the autostereoscopic image 
display system according to the current exemplary embodi 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
ment divides an image for a left eye and an image for a right 
eye, which are used to display a stereoscopic image into left 
portions I, and I and right portions I, and I, respec 
tively. The image for a left eye and the image for a right eye 
are images taken at positions of the viewer's left eye and the 
viewer’s right eye, respectively. The viewer's left and right 
eyes recognize such images and the viewer can watch a ste 
reoscopic image. 
The left portions of the image for a left eye and the right 

portions of the image for a right eye are sequentially dis 
played as illustrated in FIGS. 7A and 7B. For example, as 
illustrated in FIG. 7A, the left portion I of the image for a 
left eye and the right portion I of the image for a right eye 
are displayed on the display Surface 111 of the image panel. In 
this regard, the control unit (190 of FIG. 3) controls the 
optical shutter 120 as illustrated in the right side of FIG. 7A. 
In this case, referring to FIGS. 7A and 5, the left portion I of 
the image for the left eye is viewed by the left eye O, of the 
viewer, and the right portion I of the image for the right eye 
is viewed by the right eye O of the viewer. Then, as illus 
trated in FIG. 7B, the left portion I of the image for the right 
eye and the right portion I of the image for the left eye are 
displayed on the display Surface 111 of the image panel. In 
this regard, the control unit 190 controls the optical shutter 
120 as illustrated in the right side of FIG. 7B. In this case, 
referring to FIGS. 7B and 5, the left portion I of the image 
for the right eye is viewed by the viewer’s right eye O and the 
right portion of the image for a left eye is viewed by the 
viewer's left eye O,. As described above, the image for the 
left eye O, and the image for the right eye O are alternately 
displayed on each of the display regions 112 and 113 and the 
control unit 190 controls the optical shutter 120 correspond 
ing to the alternative display of the display regions 112 and 
113, thereby producing a stereoscopic image using binocular 
disparity. 

In the current exemplary embodiment, the number of the 
shutter segments 121, 122, and 123 of the optical shutter 120 
is not related to the number of vertical pixels of the image 
panel, and the shutter segments 121, 122, and 123 may not 
match with the vertical pixels of the image panel 110. In 
addition, even when the viewer moves a little bit from its 
predetermined location, a ghost image that is formed due to 
the Switching of the image for the left eye and the image for 
the right eye occurs only at boundaries of the shutter segments 
121,122, and 123. Therefore, a fall-off in the image quality 
due to the ghost image may be relatively small. 

FIG. 8 is a schematic view of an autostereoscopic image 
display system 200 according to another exemplary embodi 
ment of the present invention. 

Referring to FIG. 8, the autostereoscopic image display 
system 200 according to the current exemplary embodiment 
includes an image panel 210, an optical shutter 220, and a 
control unit 290. The autostereoscopic image display system 
according to the current exemplary embodiment is substan 
tially the same as the autostereoscopic image display system 
which has been described with reference to FIGS. 3 to 7B, 
except that the image panel 210 displays an image line by line 
and the optical shutter 220 corresponds to line-by-line scan 
ning. Hereinafter, such a difference will be described in 
detail. 
The image panel 210 according to the current exemplary 

embodiment displays an image for a left eye and an image for 
a right eye which form a stereoscopic image line by line, and 
the image panel 210 can be a panel that line-scans an image, 
such as a LCD panel, an OLED panel, a PDP, or a FED panel. 
In addition, the current exemplary embodiment can also be 
used in a CRT display using a spot Scanning method. 



US 8,587,642 B2 

Like in the previous exemplary embodiment, a display 
surface 211 of the image panel 210 according to the current 
exemplary embodiment is divided into first and second dis 
play regions 212 and 213, wherein an image for a left eye and 
an image for a right eye are alternately displayed on each of 5 
the first and second display regions 212 and 213. According to 
the current exemplary embodiment, however, the image for a 
left eye and the image for a right eye are displayed line by line 
in each of the first and second display regions 212 and 213 and 
thus, the image for a left eye and the image for a right eye can 
be simultaneously displayed in each of the first and second 
display regions 212 and 213. In FIG. 8, a left portion of the 
image for a right eye and a left portion of the image for a left 
eye are simultaneously displayed in the first display region 
212, and a right portion of the image for a left eye and a right 
portion of the image for a right eye are simultaneously dis 
played in the second display region 213. An arrow 219 indi 
cates that a display image is scanned downward line by line. 
The optical shutter 220 is disposed between the image 

panel 210 and the viewer and guides the images for left and 
right eyes displayed on the image panel 210 to the left eye and 
the right eye, respectively, wherein the optical shutter 220 is 
spaced apart from the image panel 210. The optical shutter 
220 includes first to third shutter segments 221, 222, and 223 
which are aligned in a horizontal direction. The first to third 
shutter segments 221, 222, and 223 are switched between a 
transparent state and a non-transparent state. Each of the first 
to third shutter segments 221, 222, and 223 includes a plural 
ity of horizontal Sub segments. The horizontal Sub Segments 
operate corresponding to the line-by-line display of the image 
panel 210. The optical shutter 220 will be described in detail 
later with reference to FIG. 9. 
The control unit 290 is synchronized with the images for 

left and right eyes displayed on the image panel 210 and 
controls the optical shutter 220, which will be described in 
detail later together with the display of the image panel 210 
with reference to FIGS. 10A to 10C. 

FIG. 9 is a perspective view of the optical shutter 220 used 
in the autostereoscopic image display system 200 of FIG. 8, 
according to an exemplary embodiment of the present inven 
tion. Referring to FIG.9, the optical shutter 220 may include 
first and second polarizing plates 231 and 238 and a liquid 
crystal switch 233 interposed between the first and second 
polarizing plates 231 and 238, wherein a polarization direc 
tion 231a of the first polarizing plate 231 is perpendicular to 
a polarization direction 238b of the second polarizing plate 
238. The liquid crystal switch 233 includes first to third liquid 
crystal cells 234, 235, and 236, each of which has a vertically 
long stripe shape. The first to third liquid crystal cells 234, 
235, and 236 and the first and second polarizing plate 231 and 
238 form the first to third shutter segments 221, 222, and 223 
of the optical shutter 220. 

The first to third liquid crystal cells 234, 235, and 236 
include a plurality of horizontal sub liquid crystal cells (S, 
S12, . . . . Silk-1, Sik, S21, S22. . . . , S2k-1. S2k, S3; S32. . . . ). 
and the horizontal Sub liquid crystal cells (S,S,..., S. 
Sik, S21, S22. . . . , S2k-1. Sok, Sai, Ss2, ...) and the first and 
second polarizing plate 231 and 238 form horizontal sub 
segments of the optical shutter 220. The number of the hori 
Zontal Sub liquid crystal cells (S1, S12. . . . . S-1, S1, S2, 
S22. . . . , Sak-1, Sk. Sai, Ss2, . . . ) divided from the liquid 
crystal cells 234,235, and 236 may be equal to or smaller than 
the number of horizontal image lines of the image panel (210 
of FIG. 8). The number of the horizontal sub liquid crystal 
cells (S11, S12, . . . . Sk-1, Sik, S21, S22. . . . , S2k-1. Sk. S31. 
S. . . . ) may be appropriately determined in the range of a 
few to several tens according to human recognition ability. 
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The horizontal Sub liquid crystal cells (S. S. . . . , S: , 
Sk, S21, S22. . . . , S2k1, S2 k. Sai, Ss2, . . . ) may be 
independently turned on/off and include transparent elec 
trodes and a liquid crystal disposed between the transparent 
electrodes. When the liquid crystal switch 233 is turned on, 
the horizontal Sub liquid crystal cells (S. S. . . . , S: , 
Sik, S21, S22. . . . , S2k-1. S2k, S3; S32. . . . ) changes the 
polarization direction of transmitted light to a direction per 
pendicular to its original polarization direction. When the 
liquid crystal switch 233 is turned off, the polarization direc 
tion of the transmitted light is maintained constant and the 
transmitted light maintains its original polarization direction. 
As described above, when the liquid crystal switch 233 is 
turned on/off, light which has passed through the first polar 
izing plate 231 either passes through the second polarizing 
plate 238 or is shielded. 

FIGS. 10A to 10C illustrate sequential views of the stereo 
scopic image displayed in the autostereoscopic image display 
system according to the current exemplary embodiment. The 
display image according to the current exemplary embodi 
ment may be substantially the same as the images for left and 
right eyes which have been described with reference to FIGS. 
6A and 6B. However, unlike in the previous exemplary 
embodiment in which the left portion I of the image for a 
left eye and the left portion I of the image for a right eye are 
alternately displayed in the first display region 112, according 
to the current exemplary embodiment, as illustrated in FIGS. 
10A to 10C, the left portion I of the image for a left eye and 
the left portion I of the image for a right eye are displayed 
line by line in the first display region 212. Likewise, unlike in 
the previous exemplary embodiment in which the right por 
tion I of the image for a right eye and the right portion I 
of the image for a left eye are alternately displayed in the 
second display region 113, according to the current exem 
plary embodiment, the right portion I of the image for a 
right eye and the right portion I of the image for a left eye 
are displayed line by line in the second display region 213. 
As illustrated in FIGS. 10A to 10C, when the line-by-line 

displayed image is scanned downward, that is, in the direction 
of the arrow 159, the control unit (290 of FIG. 8) controls 
respective horizontal sub segments of the optical shutter 220 
Such that horizontal Sub segments correspond to the line-by 
line displayed image. 

In the current exemplary embodiment, the shutter seg 
ments 221, 222, and 223 of the optical shutter 220 are syn 
chronized with the line-by-line Scanned image and sequen 
tially operate in a vertical direction. Therefore, a decrease in 
image quality due to a cross-talk phenomenon, which is 
caused by simultaneous displaying of the images for the left 
and right eyes in each of the display region 212 and 213, can 
be prevented. 

FIG. 11 is a schematic view of an autostereoscopic image 
display system 300 according to another exemplary embodi 
ment of the present invention. 

Referring to FIG. 11, the autostereoscopic image display 
system 300 according to the current exemplary embodiment 
includes an image panel 310, an optical shutter 320, a view 
er's location tracking sensor 380, and a control unit 390. The 
autostereoscopic image display system 300 according to the 
current exemplary embodiment is Substantially the same as 
the autostereoscopic image display system 100 which has 
been described with reference to FIG.3, except that the loca 
tion of shutter segments 321, 322, and 323 of the optical 
shutter 320 is changed according to the movement of a 
viewer. Therefore, such a difference will now be described in 
detail. 
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The optical shutter 320 according to the current exemplary 
embodiment includes first to third shutter segments 321,322. 
and 323 which are aligned in a horizontal direction. The first 
to third shutter segments 321, 322, and 323 are switched 
between a transparent state and a non-transparent state. Each 
of the first to third shutter segments 321, 322, and 323 
includes a plurality of Vertical Sub Segments which can be 
re-grouped according to the viewer's movement. 
The current exemplary embodiment will not be described 

with respect to the line-by-line display of an image. However, 
if the image panel 310 displays an image line-by-line, each 
vertical sub segment of the optical shutter 320 may further 
include a plurality of horizontal Sub Segments, like in the 
previous exemplary embodiment described with reference to 
FIG. 8, such that the vertical sub segments of the optical 
shutter 320 are synchronized with the line-by-line scanned 
image and are sequentially operated in up and down direc 
tions. 

The control unit 390 is synchronized with the images for 
left and right eyes displayed in the image panel 310 and 
controls the optical shutter 320. Furthermore, the control unit 
390 controls the optical shutter 320 such that the location of 
the first to third shutter segments 321,322, and 323 is changed 
corresponding to the movement of a viewer. The location 
change of the first to third shutter segments 321,322, and 323 
will be described with reference to FIG. 13. 

FIG. 12 is a perspective view of the optical shutter 320 used 
in the autostereoscopic image display system of FIG. 11, 
according to an exemplary embodiment of the present inven 
tion. Referring to FIG. 12, the optical shutter 320 according to 
the current exemplary embodiment may include first and 
second polarizing plates 331 and 338 and a liquid crystal 
switch 333 interposed between the first and second polarizing 
plates 331 and 338, in which a polarization direction 331a of 
first polarizing plate 331 may be perpendicular to a polariza 
tion direction 338a of first polarizing plate 338. The liquid 
crystal switch 333 includes a plurality of vertical liquid crys 
tal cells (S. S. S. . . . . S) which can be independently 
operated. The number of the vertical liquid crystal cells (S, 
S. S. ..., S) may be appropriately determined in the range 
of a few to several hundreds. Such vertical liquid crystal cells 
(S. S. S. . . . . S) are grouped into the first to third shutter 
segments 321, 322, and 323 of the optical shutter 320 and 
operated. Respective vertical liquid crystal cells (S. S. 
Ss, . . . . S) are independently turned on/off and includes 
transparent electrodes and a liquid crystal interposed between 
the transparent electrodes. When the liquid crystal switch.333 
is turned on, the vertical liquid crystal cells (S. S. S. . . . . 
S) changes the polarization direction of transmitted light to 
a direction perpendicular to its original polarization direction. 
When the liquid crystal switch 333 is turned off, the trans 
mitted light maintains its original polarization direction. As 
described above, when the liquid crystal switch 333 is turned 
on/off, light which has been transmitted through the first 
polarizing plate 331 may either pass through the second 
polarizing plate 338 or may be shielded by the second polar 
izing plate 338. 

FIG. 13 illustrates the location relationship between opti 
cal elements of the autostereoscopic image display system 
300 of FIG. 11. Referring to FIG. 13, the location relationship 
of the first to third shutter segments 321, 322, and 323 will 
now be described in detail. 
When a viewer O is spaced apart from the center of the 

display Surface 311 of an image panel by a distance L, the 
optical shutter 320 satisfies the location relationship which 
has been described with reference to FIG. 5 and Equations 1 
and 2. FIG. 13 also illustrates the location relationship 
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between the first to third shutter segments 321,322, and 323 
of the optical shutter 320 when a viewer O is moved to a 
viewer O' by a distance D in a horizontal direction of the 
display Surface 311 of an image display, that is, when a left 
eye O, and right eye O of the viewer O are respectively 
shifted to a left eye O, and right eye O of the viewer O' by a 
distance of Dalong line P. The location of the image pathway 
when the left eye O, of the moved viewer O' views the first 
display region 312 may be different from the location of the 
image pathway when the left eye O, of the before-movement 
viewer O views the first display region 312, and thus, the 
width of the first shutter segment 321 of the optical shutter 
320 is changed to A1". Likewise, the width of the third shutter 
segment 323 is changed to A3". Such a width variance AA of 
the first and third shutter segments 321 and 323 may be given 
by: 

Equation 3 
AA = A1 - A1 = A2 - A2 = D 

where L1 and L2 are the same as in Equation 1, A1 and A2 are 
widths of the first and third shutter segments 321 and 323 
illustrated in FIG. 5, and the width A2" of the second shutter 
segment 322 is the same as A2 in Equation 2. As the widths of 
the first and third shutter segments 321 and 323 vary, the 
boundaries between the first to third shutter segments 321, 
322, and 323 are shifted by AA in the movement direction of 
the viewer O and O'. 

Referring to Equation 3, for the cases where the viewer O 
and O' moves, avertical length of the optical shutter 320 may 
be three times greater than the width A2 of the second shutter 
segment 322. That is, the first and third shutter segments 321 
and 323 disposed in outer portions of the second shutter 
segment 322 may have greater widths than necessarily 
required and may have widths A1 and A3', and thus, when the 
viewer O and O' moves in a left or right direction, the first to 
third shutter segments 321, 322, and 323 can vary. 

FIG. 14 is a schematic view of an autostereoscopic image 
display system 400 according to another exemplary embodi 
ment of the present invention. 

Referring to FIG. 14, the autostereoscopic image display 
system 400 according to the current exemplary embodiment 
includes an image panel 410, an optical shutter 420, a view 
er's location tracking sensor 480, and a control unit 490. The 
autostereoscopic image display system 400 according to the 
current exemplary embodiment is Substantially the same as 
the autostereoscopic image display system which has been 
described with reference to FIG. 11, except that the location 
of display regions 413 and 414 of the image panel 410 is 
changed according to a viewer's location. Hereinafter, Such a 
difference will be described in detail. 
The image panel 410 according to the current exemplary 

embodiment is substantially the same as the image panel 110 
which has been described with reference to FIG.3, except that 
a displayable Surface 411 is larger than first and second dis 
play regions 413 and 414. 
The displayable surface 411 of the image panel 410 

includes the first and second display regions 413 and 414 and 
left and right space margins 412 and 415. An image may also 
be displayed in the left and right space margins 412 and 415 
according to the location of a viewer O and O'. An image for 
a left eye and animage for a right eye are alternately displayed 
in each of the first and second display regions 413 and 414. 
When the viewer O is moved to the viewer O' in the right 
direction, the first and second display regions 413 and 414 in 
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the display surface 411 may be shifted in the left direction. 
Such a movement of the first and second display regions 413 
and 414 will be described in detail later with reference to FIG. 
15. 
The optical shutter 420 is interposed between the image 

panel 410 and the viewer O and O' and guides images for left 
and right eyes displayed in the image panel 410 to the view 
er's left and right eyes, respectively. The optical shutter 420 is 
substantially the same as the optical shutter 120 which has 
been described with reference to FIG. 3. The optical shutter 
420 according to the current exemplary embodiment may be 
substantially the same as the optical shutter which has been 
described with reference to FIG. 4A or 4.B. Furthermore, the 
current exemplary embodiment is not described with the line 
by-line displayed image. However, if the image panel 410 
displays an image line by line, the optical shutter 420 may 
include a plurality of horizontal Sub segments which have 
been described in the previous exemplary embodiment with 
reference to FIG. 8 and the horizontal sub segments are syn 
chronized with line-by-line image Scanning and are sequen 
tially operated in up and down directions. 

The control unit 490 is synchronized with the image for a 
left eye and the image for a right eye, which are displayed on 
the image panel 410, and controls the optical shutter 420. 
Furthermore, the control unit 490 changes the location of the 
viewer O and O'. 

FIG. 15 illustrates the location relationship between opti 
cal elements of the autostereoscopic image display system 
400 of FIG. 14. The location relationship between the first and 
second display regions 413 and 414 will now be described 
with reference to FIG. 15. 
When the viewer O is spaced apart from the center of the 

display Surface 411 of the image panel by a distance of L, the 
first and second display regions 413 and 414 satisfy the loca 
tion relationship which has been described with reference to 
FIG. 5 and Equations 1 and 2. FIG. 15 illustrates the location 
relationship between left and right space margins 412 and 
415 and the first and second display regions 413' and 414 in 
the display surface 411 when the left eye O, and right eye O 
of the viewer O are shifted along the line P to become the left 
eye O,' and right eye O'of the viewer O'. The first and second 
display regions 413 and 414 viewed by the left eye O, or 
right eye O' of the viewer O' through the optical shutter 420 
may be shifted from the first and second display regions 413 
and 414 viewed by the left eye O, or right eye O of the viewer 
O through the optical shutter 420 in the left direction. In this 
regard, the movement width AW of the first and second dis 
play regions 413' and 414 is given by: 

DW Equation 4 
AW = W1-W = W4- W4 = Equation 4 

where B denotes a distance between right and left eyes; W 
denotes a horizontal length of the first and second display 
regions 413 and 414; W1 and W4 denote widths of left and 
right space margins 412 and 415 when the viewer O is spaced 
apart from the center of the display surface 411 of the image 
panel in a distance of L; and W1" and W4' denote widths of left 
and right space margins 412 and 415' after the movement of 
the viewer O. As described above, even when the first and 
second display regions 413 and 414 are changed to the first 
and second display regions 413' and 414 and the width of the 
left and right space margins 412 and 415 is changed to the 
width of the left and right space margins 412 and 415', the 
widths W2 and W3' of the first and second display regions 
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413' and 414' after the movement are the same as the widths 
W2 and W3 of the first and second display regions 413 and 
414 before the movement. 

FIG. 16 is a schematic view of an autostereoscopic image 
display system 500 according to another exemplary embodi 
ment of the present invention. 

Referring to FIG. 16, the autostereoscopic image display 
system 500 according to the current exemplary embodiment 
includes an image panel 510, an optical shutter 520, and a 
control unit 590. 
The image panel 510 displays an image for a left eye and an 

image for a right eye, which form a stereoscopic image. The 
image panel 510 is Substantially the same as the image panel 
110 which has been described with reference FIG. 3, except 
that a display surface 511 is divided into first to third display 
regions 512, 513, and 514. The image for a left eye and the 
image for a right eye are alternately displayed in each of the 
first to third display region 512,513, and514. The first to third 
display regions 512, 513,514 are divided in a vertical direc 
tion and aligned in a horizontal direction, and thus the bound 
aries of the first to third display regions 512, 513, 514 are 
vertical. A display type of the first to third display regions 
512, 513, and 514 will be described later with reference to 
FIGS 18A to 19B. 
The optical shutter 520 is disposed between the image 

panel 510 and the viewer and guides the image for a left eye 
displayed in the image panel 510 to a left eye and the image 
for a right eye displayed in the image panel 510 to a right eye, 
in which the optical shutter 520 is spaced apart from the 
image panel510. The optical shutter 520 may be substantially 
the same as the optical shutter 120 which has been described 
with reference to FIG.3, except that the optical shutter 520 is 
divided into first to fourth shutter segments 521,522,523, and 
524 corresponding to the first to third display regions 512, 
513, and 514. The minimum value of the size of the optical 
shutter 520 may be determined according to the location 
relationship between the image panel 510 and the optical 
shutter 520, which will be described later with reference to 
FIG. 17. FIG. 16 illustrates an exemplary embodiment of a 
display image on the image panel 510 and the state of the 
optical shutter 520. 
The control unit 590 is synchronized with an image for a 

left eye and an image for a right eye, which are displayed on 
the image panel 510, and controls the optical shutter 520, 
which will be described later with reference to FIGS. 18A to 
19B together with the image panel 510 showing a specific 
display. 

FIG. 17 illustrates the location relationship between opti 
cal elements of the autostereoscopic image display system 
500 according to the current exemplary embodiment. The 
location relationship between the first to third display regions 
512, 513, and 514 of the image panel and the shutter segments 
521, 522, 523,524 and the optical shutter 520 will now be 
described in detail with reference to FIG. 17. 
When the optical shutter 520 is divided into four shutter 

segments 521, 522. 523, and 524, the location relationship 
between the display surface 511 of the image panel and the 
optical shutter 520 is given by Equation 5: 

Equation 5 

where L1, L2, W, and B are the same as in Equation 1. 
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Also, horizontal widths A2 and A3 of the second and third 
shutter segments 522 and 523 in an inner portion of the optical 
shutter 120 are given by: 

A2 = A3 = Equation 6 
3B 

1 + - 
W 

Equation 6 is also satisfied when a viewer is spaced apart 
from the center of the display surface 511 of the image panel 
by a distance of L. 
As identified from Equations 5 and 6, when the display 

surface 511 of the image panel is divided into three display 
regions 512, 513, and 514 and the optical shutter 120 is 
divided into four shutter segments 521, 522, 523, and 524, a 
ratio of L1 to L2 is determined by the horizontal length W of 
the display Surface 511 on which an image is displayed and 
the distance B between the viewer's left and right eyes, and 
the horizontal widths A2 and A3 of the second and third 
shutter segments 522 and 523 disposed in the inner portion of 
the optical shutter 520 is determined by the horizontal length 
W of the display surface 511 on which an image is displayed 
and the distance between the viewer's left and right eyes B. 
Meanwhile, the horizontal widths A1 and A4 of the first and 
fourth shutter segments 521 and 524 may be equal to or 
greater than the A2. 

FIGS. 18A and 18B illustrate a stereoscopic image used in 
the autostereoscopic image display system according to the 
current exemplary embodiment, and FIGS. 19A and 19B are 
sequential views of the stereoscopic image used in the 
autostereoscopic image display system 500 according to the 
current exemplary embodiment. 

Referring to FIGS. 18A to 18B, the autostereoscopic image 
display system according to the current exemplary embodi 
ment divides an image for a left eye and an image for a right 
eye which are used in displaying a stereoscopic image into 
first to third portions II, IL2, and Is and IRI, IR2, IRs, respec 
tively. 

Then, as illustrated in FIG. 19A, the second portion I of 
the image for a left eye and the first and third portions I and 
I of the image for a right eye are displayed on the display 
surface 511 of the image panel. In this regard, the control unit 
(590 of FIG.16) controls the optical shutter 520 as illustrated 
in the right side of FIG. 19A. In this case, referring to FIGS. 
19A and 16, the second portion I of the image for a left eye 
is guided to the viewer's left eye O, and the first and third 
portions I and I of the image for a right eye are guided to 
the viewer’s right eye O. 

Then, as illustrated in FIG. 7B, the first and third portions 
I and I of the image for a left eye and the second portion 
I of the image for a right eye are displayed on the display 
surface 511. In this regard, the control unit 590 controls the 
optical shutter 520 as illustrated in the right side of FIG. 19B. 
In this case, referring to FIGS. 19B and 16, the first and third 
portions I and I of the image for a left eye are guided to the 
viewer's left eye O, and the second portion I of the image 
for a right eye is guided to the viewer’s right eye O. 
As described above, the display surface 511 illustrated in 

FIGS. 19A and 19B alternately displays the image for a left 
eye and the image for a right eye on the first to third display 
regions 512, 513, and 514, and the control unit 590 controls 
the optical shutter 120 according to such alternative display 
ing. Therefore, a stereoscopic image using a binocular image 
can be realized. 

In the previous exemplary embodiments, three or four shut 
ter segments have been described. However, the number of 
shutter segments is not limited thereto. According to the 
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present invention, an optical shutter can include three or more 
shutter segments, and a display Surface of an image panel is 
divided into regions, in which the number of divided regions 
is smaller than the number of the shutter segments of the 
optical shutter. Equations 1 to 6 used in the previous exem 
plary embodiments can also be used when the number of 
shutter segments of an optical shutter is N. According to the 
present invention, when an optical shutter including N shutter 
segments is employed, the display Surface of the image panel 
can be divided into N-1 display regions. Also, as described 
above, when the number of the shutter segments of the optical 
shutter is N, the location relationship between the image 
panel, the optical shutter, and location of a viewer is given by: 

L1 W 
L2 (N - 1B 

Equation 7 

Also, among N shutter segments, a shutter segment dis 
posed in an inner portion of the optical shutter can have a 
width AM given by: 

A M = B Equation 8 
if F 1 (N - 1)B 

+ - 

Furthermore, as in the previous exemplary embodiment 
which has been described with reference to FIG. 14, when a 
viewer is moved in a horizontal direction by a distance D, a 
movement width AW of N-1 display regions of the display 
Surface is given by: 

DW 
T (N - 1)B 

AW Equation 9 

where L1, L2, W, and B are the same as in Equations 1 to 6, 
and N is the number of shutter segments of the optical shutter. 

Equation 9 shows that the size of optical shutter can 
decreases as the number of shutter segments comprised in the 
optical shutter increases. Also, when a display region is 
shifted according to the viewer's movement in left and right 
directions as illustrated in FIG. 14, the size of the image panel 
can be further decreased. 

Meanwhile, according to the present invention, a plurality 
of shutter segments which form an optical shutter are not 
directly matched with vertical pixels of an image panel. 
Therefore, the assembly tolerance of the image panel and the 
optical shutter is greater. 
The autostereoscopic display system according to the 

present invention can display a three-dimensional image of a 
Stereoscopic type, and can be used in an arcade game player, 
driving and flight simulation devices, remote manipulation 
device, a museum, or an information kiosk. 
An autostereoscopic display system according to the 

present invention has the following advantages. 
First, a stereoscopic image can be viewed without glasses. 
Second, the size of an optical shutter can be smaller than 

the size of an image panel and thus, manufacturing costs can 
be reduced. 

Third, the number of shutter segments of the optical shutter 
can be less than the number of vertical pixels of the image 
panel and thus, manufacturing costs can be reduced. 

Fourth, there is no need to match the shutter segments of 
the optical shutter with the vertical pixels of the image panel. 

Fifth, there is no limitation on the type of the image panel. 
While the present invention has been particularly shown 

and described with reference to exemplary embodiments 



US 8,587,642 B2 
17 

thereof, it will be understood by those of ordinary skill in the 
art that various changes in form and details may be made 
therein without departing from the spirit and scope of the 
present invention as defined by the following claims. 
What is claimed is: 
1. An autostereoscopic display system comprising: 
an image panel including at least two display regions, each 

of which alternately displays an image for a left eye and 
an image for a right eye; 

an optical shutter which is spaced apart from the image 
panel, including at least three shutter segments capable 
of being Switched between a transparent state and a 
non-transparent state, and guides an image for a left eye 
and an image for a right eye which are displayed on the 
image panel to left and right eyes of a viewer, respec 
tively; and 

a control unit which controls the optical shutter being syn 
chronized with the image for a left eye and the image for 
a right eye which are displayed on the image panel, 
wherein when the number of the shutter segments of the 
optical shutter is N, the number of the display regions is 
N-1 and 

wherein a shutter segment disposed in an inner portion of 
the optical shutter has a width given by: 

where A denotes a width of the shutter segment disposed 
in an inner portion of the optical shutter, B denotes a 
distance between the left and right eyes of the viewer, N 
denotes the number of divided shutter segments, and W 
denotes a horizontal length of an image displayed on the 
image panel. 

2. The autostereoscopic display system of claim 1, wherein 
the image panel is divided into the display regions in a vertical 
direction and the shutter segments are aligned in a horizontal 
direction. 

3. The autostereoscopic display system of claim 1, wherein 
a horizontal length of the optical shutter is equal to a horizon 
tallength of an image displayed on the image panel. 

4. The autostereoscopic display system of claim 1, wherein 
the location relationship between the image panel and optical 
shutter is given by: 

where L1 denotes a distance between the image panel and 
the optical shutter, L2 denotes a distance between the 
optical shutter and the viewer, B denotes a distance 
between the left and right eyes of the viewer, N denotes 
the number of divided shutter segments, and W denotes 
a horizontal length of an image displayed on the image 
panel. 

5. The autostereoscopic display system of claim 1, wherein 
the width of a shutter segment disposed in an outer portion of 
the optical shutter is equal to the width of a shutter segment 
disposed in the inner portion of the optical shutter. 

6. The autostereoscopic display system of claim 1, wherein 
the image panel is selected from the group including a liquid 
crystal display (LCD) panel, an organic light-emitting diode 
(OLED) panel, a plasma display panel (PDP), a projection 
screen, a field emission display (FED) panel, and a cathode 
ray tube (CRT) display. 

7. The autostereoscopic display system of claim 1, wherein 
when the image panel displays an image line by line, each of 
the shutter segments comprises a plurality of horizontal Sub 
segments aligned in a scanning direction of an image line, in 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

18 
which the horizontal Sub Segments are Switched correspond 
ing to the scanning of image lines displayed on the image 
panel. 

8. The autostereoscopic display system of claim 7, wherein 
the number of horizontal Sub Segments comprised in each of 
the shutter segments is equal to the number of the image lines 
of the image panel. 

9. The autostereoscopic display system of claim 7, wherein 
the number of horizontal Sub Segments comprised in each of 
the shutter segments is Smaller than the number of the image 
lines of the image panel. 

10. The autostereoscopic display system of claim 1, 
wherein each of the shutter segments includes a plurality of 
Vertical Sub Segments which are aligned in a horizontal direc 
tion and are independently Switched. 

11. The autostereoscopic display system of claim 10, fur 
ther comprising a viewer's location tracking sensor, wherein 
the control unit re-groups the vertical Sub segments according 
to the location of the viewer detected by the viewer's location 
tracking sensor and boundaries of the shutter segments are 
shifted. 

12. The autostereoscopic display system of claim 11, 
whereina movement distance of the boundaries of the shutter 
segments is given by: 

where AA denotes the movement distance of the bound 
aries of the shutter segments, D denotes a horizontal 
movement distance of the viewer, L1 denotes a distance 
between the image panel and the optical shutter, and L2 
denotes a distance between the optical shutter and the 
viewer. 

13. The autostereoscopic display system of claim 1, 
wherein the size of the image panel is larger than the size of 
the entire region of at least two display regions on which an 
image is displayed. 

14. The autostereoscopic display system of claim 13, fur 
ther comprising a viewer's location tracking sensor, wherein 
the control unit changes the location of at least two display 
regions according to the location of the viewer detected by the 
viewer's location tracking sensor and boundaries of the shut 
ter segments are shifted. 

15. The autostereoscopic display system of claim 14, 
whereina movement distance of the boundaries of at least two 
display regions is given by: 

where AW denotes the movement distance of the bound 
aries of at least two display regions, D denotes a hori 
Zontal movement distance of the viewer, W denotes a 
horizontal length of a display Surface of the image panel, 
N is the number of divided shutter segments, and B 
denotes a distance between the left and right eyes of the 
viewer. 

16. The autostereoscopic display system of claim 1, 
wherein a horizontal length of the optical shutter is smaller 
than a horizontal length of an image displayed on the image 
panel. 

17. The autostereoscopic display system of claim 1, 
wherein the width of a shutter segment disposed in an outer 
portion of the optical shutter is greater than the width of a 
shutter segment disposed in the inner portion of the optical 
shutter. 


